ABSTRACT
INTRODUCTION
In pre-eclamptic pregnancies complicated with HELLP syndrome, a severe form of pre-eclampsia, the fetus is deprived of oxygen. Consequential there is redistribution of organ blood flow and an increase of resistance in fetal vessels leading to intrauterine growth retardation (IUGR) or fetal death [1] . Clinical diagnosis is difficult but usually associated with abdominal pain or vomiting during third trimester of pregnancy, hemolysis, increased serum bilirubin (>1.2 mg/dL), hepatic dysfunction demonstrated by increased transaminase activities (LDH > 600 IU/L), and thrombocytopenia (<100.000/µl) [2] . Prognosis is poorer when pre-eclampsia develops earlier in pregnancy [1] . Although the descending aortic blood flow represents approximately 60% of fetal cardiac output, cardiotocography, serial ultrasound measurements, and Doppler flow velocimetry of umbilical artery and fetal middle cerebral arteries have commonly been used to assess fetal well-being and to guide management of pregnancies complicated with pre-eclampsia with or without HELLP syndrome [3] [4] [5] [6] [7] [8] . None of these studies have compared diagnostic utility of fetal descending aorta and/ or umbilical artery with late fetal heart rate (FHR) decelerations following a contraction stress test. The purpose of this study was to investigate 1) whether or not Doppler flow measurements of descending aorta and/or umbilical artery can sufficiently predict blood flow redistribution in growth retarded (IUGR) compared to appropriate for gestational age (AGA) fetuses, 2) if the decrease in end-diastolic-flow (V min ) in descending aorta occurs parallel to late fetal heart rate decelerations during fetal stress, 3) correlation between Resistance Index (RI) and S/D ratio of fetal descending aorta and/or umbilical artery with the decrease of stress test score (CTG) of FHR and 4) whether or not the RI of fetal descending aorta and/or umbilical artery correlates with birth weight, cord blood gas parameters (pH, pO 2 , Base excess) and Apgar Scores.
MATERIALS AND METHODS
The study population consisted of 53 patients, 43 of whom had pre-eclampsia and 10 with pre-eclampsia complicated with HELLP syndrome. The control group consisted of 44 patients with biometric data of AGA fetuses. Pre-eclampsia was defined by the triad of elevated maternal blood pressure (systolic blood pressure > 150 mmHg and/or diastolic pressure > 90 mmHg on 2 occasions, 6 hours apart), proteinuria (>300 mg per 24 hours) and generalized maternal edema. HELLP syndrome was defined by hemolysis (bilirubin > 1.2 mg/dl, hemorrhage, anemia, elevated liver enzymes (lactate dehydrogenase, LDH > 600 U/l, alanine aminotransferase, ALT > 47 U/l, aspartate aminotransferase, AST > 56 U/l) and low platelet counts (<100.000/µl).
A pulsed Doppler ACUSON 128 XP/10 with a 3.5 MHz probe was used for fetometry. IUGR was based on assessment of birth weight < 10 th percentile for gestational age, according to percentile charts for singleton fetuses, developed by Hohenauer [9] .
End-diastolic-flow velocity (V min ) and Doppler indices (RI, S/D ratio) of fetal descending aorta and umbilical artery were related to fetal heart rate pattern during contraction stress test. In order to provide information on uterine reserve capacity and predict borderline oxygenation following fetal heart reactions, uterine contractions were either spontaneous or induced by inhalation or infusion of oxytocin in cases where contractions were not registered in pregnancies with IUGR fetuses. Only the last Doppler measurements within 0 -5 days before birth were used for analysis. Fetal heart rate score (CTG score) was carried out by evaluating baseline frequency, oscillations and accelerations, long term alterations and decelerations. The score was related to uterine contractions with ten points best and zero points poorest result. Doppler spectral recordings were taken from placental insertion of umbilical artery and fetal descending aorta. Mothers were either in a supine position or at a slight left lateral tilt during these investigations. Maximum systolic (V max ) and end-diastolic (V min ) velocities were measured as frequencies (Hz) using calipers to obtain three reproducible recorded waveforms. Patients with pre-eclampsia and/or HELLP syndrome were delivered by caesarean section, while the control group had vaginal delivery. For statistical analysis, correlation coefficient and linear regression models were calculated with a p value < 0.05 indicating statistical significance. Qualitative variables were compared by Fisher's exact and Chi square tests while quantitative variables were compared using the Wilcoxon 2 sample test. Ethical clearance was obtained from the relevant office and experiments conducted in accordance with the Helsinki declaration of 1982 regarding use of human subjects.
RESULTS
Median gestational age was 32 weeks vs. 29 weeks for pre-eclamptic patients and those with HELLP syndrome respectively compared to 40 weeks in the control group ( Table 1) . The median end-diastolic velocity of fetal descending aorta was significantly decreased (0Hz) in both study groups (Wilcoxon 2 sample test: p < 0.0001; Chi 2 test: p < 0.0001) compared to control group (355 Hz). End-diastolic velocity of umbilical artery was 175 Hz in the pre-eclamptic group, 0 Hz in HELLP, and 450 Hz in the control groups respectively ( Table 1) . Differences in end-diastolic flow velocity of umbilical artery were sig- (Figure 1) . The decrease in fetal heart rate score was paralleled with loss of end-diastolic flow velocity in the fetal descending aorta (R p = 0.46, p = 0.002; R HELLP = 0.56, p = 0.092) (Figure 2 Resistance index of >80% in fetal descending aorta and late FHR decelerations were obtained in 52 of the 53 patients (98%), whereas only 31 of 53 (58%) patients had RI of >80% in the umbilical artery together with late FHR decelerations. However, of the 53 patients, 11 (21%) had RI of <70% in umbilical artery although late FHR decelerations were detectable in 10 of these 11 patients (91%). For the groups with pre-eclampsia alone or with HELLP syndrome, there was no correlation between the RI or S/D ratio in the fetal descending aorta or umbilical artery and base excess. There was no correlation between RI or S/D ratio of the aorta/umbilical artery and pH value, pO 2 
DISCUSSION
Pre-eclampsia is associated with inadequate invasion of trophoblast leading to placental ischemia due to insufficiently dilated uterine spiral arteries [1] . This leads to hypertension, involving multiple organs. Treatment requires premature termination of pregnancy, either by caesarean section or vaginal delivery if cervical conditions are optimal. Many studies have associated preeclampsia with increased perinatal (25%) and maternal (3% -5%) morbidity and mortality [10] [11] [12] [13] , decreased neonatal birth weights and higher incidence of premature delivery [12, 14, 15] . The low birth rates recorded in our study for pre-eclamptic patients with or without HELLP syndrome are thus in agreement with previous reports 12, 14, 15] . In this study, IUGR was associated with a decrease in end-diastolic flow velocities in the descend-ing aorta before changes in umbilical artery were detected. This decrease correlated with deterioration of CTG stress test score. Frequency of late FHR decelerations negatively correlated with an increase in RI and S/D ratio of the descending aorta rather than of umbilical artery. An increase in the RI and S/D ratio of the descending aorta negatively correlated with Base excess. No correlation was found between RI and S/D ratio of descending aorta, umbilical artery, pH and Apgar Scores. These results confirm that Doppler measurements of fetal descending aorta can give early warning of fetal boderline oxygenation. Although ductus venous, an index vessel for cardiac insufficiency is frequently used nowadays to monitor fetal distress, there is evidence that IUGR infants with severe changes of fetal blood in utero had impaired postnatal development of neurological [16, 17] and intellectual function [18] . These observations suggest that it may be advantageous to deliver IUGR fetuses before advent of venous flow impairment and deterioration of fetal heart rate [19] . According to Illanes and Soothill [20] , delivery of a fetus that is well but a little less mature is likely to be better than one who is older but sick. Thus, management approaches that wait for fetal coma and renal failure as indicated by flat CTGs and severe oligohydramnios to decide time of delivery may not be appropriate. In one study, Brodszki et al. [21] reported that 23 adolescents with history of IUGR and abnormal fetal aortic bloodflow (n = 23) due to placental insufficiency had impaired vascular growth comprising of smaller aortic dimensions and higher resting heart rates, suggesting that fetal descending aorta may play a critical role in pre-and postnatal vascular development. According to Mandruzzato et al. [22] fetal descending aorta is suitable for blood flow velocity measurements because it provides 1) a straight course with good visualization from thoracic to abdominal part 2) great reliability and reproducibility of sample volume and angle estimation and 3) a likelihood that aortic thoracic blood flow velocity waveform reflects the hemodynamic state of a large portion of the fetal circulation (including placental perfusion, peripheral perfusion, and cardiac output). We used in addition to umbilical artery, a combination of Doppler measurements in fetal descending aorta and CTG stress test in order to secure delivery before onset of cardiac insufficiency that would have been detected by taking Doppler measurements of the ductus venous.
CONCLUSION
Although a number of studies have predominantly used ductus venous and umbilical artery as indices of fetal distress, data presented in this report demonstrate that Doppler measurements in the fetal descending aorta provide additional diagnostic value in detecting fetuses at risk for IUGR in pre-eclamptic pregnancies with or without HELLP syndrome.
